X-ray diffraction study of smectic-C* layer orientation in surface stabilized cells tilled with fluorinated ferroelectric liquid crystals show chevron layer structure. The chevrons remain unperturbed up to a field of 12.5 X lo6 V/m while optical observations suggest uniform switching at low fields, and nucleation and growth mediated switching at high-held strengths.
INTRODUCTION
Since the discovery of the electro-optical effect in ferroelectric liquid crystals,' studies have been conducted to understand the molecular and smectic layer orientation and the switching mechanism in these devices. It is found that the results are strongly dependent on the liquid crystal material and the surface anchoring. As many as four distinct states,' two uniform and two twist, and switching from one to another at different field strengths and polarity, have been reported. In the initial optical studies, the smectic layers were assumed to be arranged in bookshelf geometry, shown in Fig. 1 (a) . The molecular orientations within these layers were used to explain' the differences in the optical properties of the observed states.
The pioneering x-ray diffraction work of Reiker et a1.3 revealed a new and very important feature of smectic layers in these devices. It was found that, contrary to the prevalent understanding, the smectic layers bend to form chevrons [Fig. 1 (b) ] in shear aligned cells. It has since been established4 that the formation of chevrons is a common occurrence in surface stabilized ferroelectric liquid crystal (SSFLC) cells. In many cases, the nonuniform states previously considered to be twist states are now known to be related to the chevron layer structure. Subsequent x-ray studies4. ' have revealed the existence of symmetric, asymmetric, left, and right chevrons. In some cases the chevron states are found to transform6 into uniform states in the presence of an applied electric field. The chevrons, evidently, play an important role in determining the switching mechanism, time response, contrast ratio, and other performance characteristics of SSFLC cells.
The stroboscopic and electro-optical measurements7 of SSFLC cells have shown that switching can take place in two modes-a uniform reorientational mode, in which the molecular orientation changes uniformly from one state to another with an applied electric field; and a nonlinear nucleation and growth mediated mode, in which the molecular and layer orientations break up into domains of different orientations before realigning to form a second optical state. It has been shown that the chevrons may disappear617 in the presence of an electric field and may reappear as the cell reaches a second stable state.
We have studied the switching mechanism in SSFLC cells filled with low polarization density (P) fluorinated compounds, synthesized at 3M, by high-resolution x-ray diffraction, optical, and calorimetric techniques. We find that the switching mechanism depends on the strength of the applied electric field. At low-field strengths the switching is uniform, while at high fields, molecular reorientation appears to be dominated by nucleation and growth mechanism without any changes in the (chevron) layer structure.
Il. EXPERIMENT For our study we used, the 3M materials, KS1 and a mixture of KS1 and KS2 in 90.7:9.3 weight ratio which we call KS3. The chemical formulas of KS1 and KS2, and transition temperatures of KS1 and KS3 are given below. The polarization densities of KSl, KS2, and KS3 are approximately 0.1, 10, and 1.1 nC/cm2, respectively. OCH,C,F,
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Cl The x-ray diffraction measurements of the smectic layer thickness were made with a Ge-Ge (high) resolution set up on bulk samples aligned by cooling, from the isotropic to the Sm-A phase, in the presence of an -3-kG magnetic field. The sample temperature was controlled to better than f 10 mK. The layer spacings obtained were accurate to better than 0.01%. The transition temperatures of the samples used in the x-ray study were slightly different from those (given above) obtained by polarizing microscopy. A surface stabilized cell was fabricated from two 60-,um thick indium-tin-oxide coated glass plates, with 4rubbed nylon as the alignment layer, in parallel configuration. The cell thickness was maintained at 2-,um with strips of mylar film as spacers. The cell was driven with a dual polarity square wave of period ranging from 0.1 to 1.0 s. The smectic layer orientation in these cells was determined by performing Q, or 8 scans (also known as w scans) through the x-ray diffraction peak. Q and 8 were degenerate in our experimental setup. We used a bent graphite monochromator and an analyzer slit (0.05 cm) in parafocusing geometry. The layer orientation in the two optical states was determined as a function of temperature, switching field, and pulse duration while the cell was being switched. Optical observations were also made to understand the switching mechanism. Differential scanning calorimetry (DSC) was used to determine the phase-transition temperatures and the heat of transitions in these materials.
Ill. RESULTS AND DISCUSSION
The smectic layer thickness, measured on KS1 bulk sample, as a function of temperature is shown in Fig. 2 . In the smecticd (Sm-A ) phase, the molecules remain perpendicular to the layers. A small and monotonic increase in d with a decrease in temperature can be attributed to reduced thermal motion of the end chains which results in stiffening of molecules and, consequently, in an increase in their effective length. At the Sm-A to Sm-C* transition, there is a discontinuous change in d and the two phases coexist for nearly 6 "C, suggesting its first-order nature. The Sm-A to Sm-C (or -C*) transition has always been found to be The results of <p scans on a SSFLC cell filled with KS3 are shown at different temperatures in Fig. 6 . Here, 9 = 0" when the x-ray beam is perpendicular to the SSFLC cell glass plates; and the data have been corrected for a-dependent attenuation by the glass plates. In the isotropic phase at 83 "C!, there are no sharp diffraction peaks, only a diffuse background is observed. A peak at 8-4.8" appears with the formation of the Sm-A phase, as shown for 64 "C. The position of this peak suggests that the Smd layers are not exactly normal to the cell walls. We believe that molecular pretilt at bounding surfaces is responsible for this differ- . . 1 ence of 4.8", between the cell normal and the smectic layers.
In the Sm-C* phase, at 49.47 "C, two peaks are observed at Q> = -24" and 26.5", corresponding to the orientations of the two straight segments of the chevrons, formed by the smectic layers. The difference, 50.5", between these peak positions is very close to the expected (twice the tilt angle, 47") value calculated from the bulk sample data of Fig. 5 . The small difference is likely to be due to slightly different concentrations of the bulk mixture and the mixture used in the SSFLC cells and/or due to molecular pretilt. A sharp drop in intensity at *30" is observed when the sample chamber's edges obstruct the incident x-ray beam. As the temperature is lowered to 46.79 "C, the separation between the two peaks increases due to an increase in molecular tilt. Shifts in the position of the peak at @ = 26.5", with temperature, are shown in Fig.  7 . In this figure, we have arbitrarily defined the peak position at 49.47 "C to be 0 = 0". A total shift of nearly l", observed in going from 49.47 to 46.79 'C, is in excellent agreement with the shift expected on the basis of bulk measurements.
The SSFLC cell was switched with a bipolar square wave with periods ranging from 0.1 to 1.0 s. A change in switching frequency was found to have no effect. All measurements reported here were made with a 1.0 s period. To determine the orientation of smectic layers during switch- ing, the number of photons in the diffracted beam were only counted during the positive (or negative) cycles of the driving signal. These measurements were repeated with different peak-to-peak voltages ( VP,). Figure 8 shows the diffraction peaks obtained in 8 scans during positive and negative cycles of the switching signal with Vpp = 8,28, and 50 V. The peak obtained with an unbiased cell is also shown along with other peaks, for comparison. During these measurements, a laser beam was also passed through the cell with crossed polarizers on both sides, to optically observe the switching.
The x-ray measurements showed practically no changes in the chevron structure even with an electric field as high as 12.5 x lo6 V/m (corresponding to Vpp = 50 V). This result, although in contradiction to previous reports6 on high P materials, is not surprising. However, we optically observed a change in switching characteristics as the Vpp exceeded 8 V. Below 8 V, the cell switched with very good contrast between the two states. A dramatic degradation of contrast was observed at Vpp higher than 8 V. We found the switching to be uniform at low voltages through observations under a polarizing microscope. At high voltages, the sample was found to break up into domains with defect walls moving across the sample, indicating that the switching was mediated by a nucleation and growth mechanism. One, therefore, expects the smectic layer orientation and the chevrons to be significantly perturbed under highfield conditions.
The surprising lack of change in the chevron structure can be understood as follows. In the presence of an electric field, two competing energy terms, interaction energy between the molecular dipoles and the electric field (P-E) and the energy due to molecular dielectric anisotropy (A& 1 E I'), are at play. The first interaction favors alignment of the dipoles parallel to the electric field, while the latter tries to make the molecular long axis parallel to the field irrespective of its polarity. At low-field strengths, the dipolar interaction dominates and the molecules reorient, under the influence of the applied electric field, to render the dipoles parallel to the field. So, at low Vpp the molecules are able to reorient to form two stable states, corresponding to up and down orientations of the dipoles, with high optical contrast [ Fig. 9(a) ]. However, the dipolar interaction is linearly dependent on the electric field while the interaction energy due to dielectric anisotropy increases quadratically with E. As a consequence, the molecular orientation is determined by the relative magnitudes of the two terms. The molecules begin to align more parallel to the field at higher fields, as shown in Fig. 9 (b) . At very high fields, the orientation of the molecules is totally governed by the AE 1 E 1 2 term. The molecules, therefore, align their long axis (instead of the dipoles) parallel to the electric field and, hence, at an acute angle to the cell normal. This can occur without any changes in the layer orientation or the chevrons as depicted in Fig. 9(c) . The optical difference between the two states obtained for the positive and negative polarity pulses becomes relatively small with increasing field and, as a result, the contrast between the two states deteriorates, as is observed optically.
IV. CONCLUSIONS
We have reported a rare occurrence in the field of liquid crystals, namely a first order Sm-A to Sm-C* transition in fluorinated materials. Our x-ray diffraction and optical observations show a change in molecular orientations during switching as the driving voltage is increased with no change in the chevron structure of the smectic layers. This change in switching, although simple to understand, has never been reported.
